Latitudinal patterns of diversity are one of the most striking large-scale biological phenomena and several hypotheses have been proposed to explain them. Using data from literature-surveys we investigated how phylogenetic patterns in microorganisms, plants, and, metazoans communities differ between the tropical and temperate regions and then explored possible ecological and evolutionary process that could shape such patterns. Using the Net Relatedness Index, we analyzed data from 1486 biological communities, collected in 32 articles that considered the phylogenetic structure of biological communities. We found a pattern of phylogenetic clustering in both regions for microorganisms, while for plants we found phylogenetic clustering in temperate regions and phylogenetic overdispersion in the tropics. We did not detect a clear pattern of clustering or overdispersion in tropical or temperate regions in metazoans. From these patterns we explore different ecological and evolutionary processes that have shaped these communities over space and time.
Introduction
The long-standing interest in spatial arrangement of biodiversity has fueled a rich debate concerning the origins and maintenance of largescale ecological patterns. Undoubtedly, species interact in complex ways and are distributed heterogeneously across the planet, but the drivers of these patterns are still unresolved (Gaston, 2000) . Studies contrasting general patterns from tropical and temperate regions can shed light on the mechanisms that shape overall species diversity (e.g. Willig et al., 2003; Duarte et al., 2014; Siqueira et al., 2016) . Greater species richness in tropical regions is one of the most consistent biogeographical patterns across taxa, yet the mechanisms underlying these patterns and processes are still debated (Hillebrand, 2004; Brown, 2014) .
Several hypotheses have been proposed to explain latitudinal patterns (Brown, 2014) , including that lower diversity of temperate regions is the result of extinctions caused by successive glacial periods (Dobzhansky, 1950; Fischer, 1960; Araújo and Costa-Pereira, 2013) . In other words, climatic instability acts as a strong environmental filter, decreasing the number of species and lineages with increasing latitude. Furthermore, speciation rates are higher in the tropics, and historically a relatively small number of tropical species expanded their ranges to colonize temperate regions with harsh climatic conditions (Wiens and Donoghue, 2004; Ricklefs, 2006; Mittelbach et al., 2007; Schemske et al., 2009; Qian et al., 2013) . Moreover, the greater role of biotic interactions (e.g. competition, predation, natural enemies) in the tropics can promote coevolution in interacting species because the optimum phenotype constantly changes (Mittelbach et al., 2007) . This might result in faster adaptation and speciation, and consequently increase the opportunity for evolutionary novelty and diversity in tropical regions (Schemske et al., 2009) .
Biogeographers and ecologists have developed several tools to investigate how ecological and evolutionary processes have shaped contemporary biodiversity patterns. Remarkably, community phylogenetics approaches have emerged as one of these tools in the recent decades. Since Webb's seminal paper on community phylogenetics (Webb, 2000) , a number of studies have described phylogenetic patterns of communities across a wide range of taxa and geographical regions (Letcher, 2009; Barberán and Casamayor, 2010; ArroyoRodríguez et al., 2012; Kamilar et al., 2015; Martins et al., 2015) . The community phylogenetics approach is based on Darwin's seminal idea that competition is more intense between closely related species (Cavender-Bares et al., 2009) . As a consequence, phylogenetic distances are translated into ecological similarity between species. Therefore, a straightforward interpretation of community phylogenetics depends on phylogenetic niche conservatism, where ecological traits are conserved across evolutionary time (Webb et al., 2002; Pereira and Palmeirim, 2013) .
Community phylogenetic structure can emerge in three major patterns: clustered, overdispersed and random. Phylogenetic clustering can occur when communities are comprised by ecologically similar species co-ocurrent at the same place and time as a result of environmental selection, while phylogenetic overdispersion may arise from limiting similarity between closely-related, and therefore competing species (Webb et al., 2002) . A random phylogenetic structure results from cooccurrence patterns regardless of phylogenetic relatedness between species (Letcher, 2009 ). Although there is strong evidence that communities assemble in non-random phylogenetic patterns (Cadotte et al., 2017) , the drivers of differences in phylogenetic structure between tropical and temperate regions remain poorly explored. Indeed, low species diversity in temperate regions would be a result of climate instability, whereas the high diversity observed in the tropics would be shaped by stronger biotic interactions. Although inferring the nature of distinct operating ecological processes from pattern description can be a drawback (Cadotte et al., 2017) , convincing evidence of non-random patterns can help to clarify the drivers responsible of similar patterns of biodiversity (Vamosi et al., 2009 ), or at least guide the construction of better informed hypothesis. However, this framework should be analyzed with caution, because different processes can generate the same pattern. For example, strong asymmetric competition and convergent traits can also generate patterns of phylogenetic clustering (Saito et al., 2016) . Furthermore, outcomes may differ depending on the scale, quality of phylogenies, lack of consideration of models of trait evolution, null model used in the analysis, presence or absence of phylogenetic signals, and absence of sufficient niche space in experimental and observational studies (Gerhold et al., 2015; Cadotte et al., 2017) .
Here, we investigate how the phylogenetic structure of microorganisms, plants, and metazoans varies across tropical and temperate regions. Our goal is to describe patterns of community phylogenetic structure in tropical vs. temperate regions using observational data obtained from the literature, and explore potential ecological and evolutionary processes that may shape biodiversity patterns in these regions. Considering the classic idea of climate instability in temperate regions as a major structuring force of communities (Dobzhansky, 1950; Fischer, 1960; Araújo and Costa-Pereira, 2013) , we expect to find phylogenetic clustering in biological communities for all studied groups. On the other hand, considering that in tropical regions the role of biotic interactions may be play an important role, we expect to find the overdispersion phylogenetic pattern predominating in tropical biological communities.
Material and methods
We reviewed the scientific literature that used the Net Relatedness Index (NRI) to evaluate the phylogenetic structure of biological communities (Webb et al., 2002) . The NRI is the effective size of mean phylogenetic distances (MPD) among all species within an assemblage compared to a null model that deconstructs the phylogenetic structure of such communities. Positive values indicate that MPD is lower than expected under a null model (clustering), whereas negative values indicate a higher MPD than under a null model (overdispersion) (Webb et al., 2002) . The NRI uses phylogenetic distances between all pairs of species in the sample to generate the phylogenetic structure of a community. We focused in this index in our study because we aim to assess general patterns of large-scale taxonomic groups. We searched the literature available on the Web of Science ® database (Thomson ISI) using a combination of keywords "phyloge* overdispers*" or "cluster*" and "communit*", and gathered articles that provided accurate NRI values in the following areas: Environmental Sciences, Ecology, Zoology, Evolutionary Biology, Plant Sciences, Entomology, and Biodiversity Conservation. Our research resulted in 2217 articles. Then we selected only articles that met the following criteria: (i) NRI was calculated for in Table S1 ).
situ communities and (ii) geographical coordinates were provided for study sites. All gathered information was filtered (quality checking) for: 1) doubtful geographic information on sampling localities; 2) data lacking reliable latitude-longitude information; 3) terrestrial data locations located oceanically. All such data was considered unreliable and was disregarded. We identified 32 articles that provided adequate NRI values for our analyses. Together they covered 1486 biological communities across a variety of taxonomic groups, including bacteria, plants, insects, amphibians, birds, and mammals distributed in tropical and temperate regions (Fig. 1 , and see Appendix A, Supplementary Data Table S1 ). For the sake of generality, we categorized this information into three major groups (microorganisms, plants, and metazoans). This approach allowed us to assess general patterns for the major evolutionary lineages on Earth and provide sufficient replicates within each group to guarantee analytical robustness. For each article, we also extracted the null model method used for each analysis. We identified four methods used to assess null models (the most used method was the model "Species in each sample become random draws from phylogeny pool"). We also categorized the geographical coordinates of the sampling sites. We classified latitude (lat) into two classes: tropical region (with lat < 23º27′) and temperate (> 23º27': Condamine et al., 2012) . We also classified longitude (long) into three classes: American (−158°< long < −45°), European and African (112°< long < 178°), Asian and Oceanian continent (-4°< long < 64°) ( Fig. 1) (Kamilar and Guidi, 2010) . All data are reported as appendix A, supplementary data (Supplementary Data Table S1 ).
For each major group, we ran a linear mixed-effect model that included region (tropical vs. temperate), continent (America vs. Europe and Africa vs. Asia and Oceania), and the two-way interaction region × continent as independent variables. Since the null model method used might influence the difference between the observed NRI values and those expected under the null hypothesis (i.e. no pattern of phylogenetic dispersion) (Miller et al., 2016) , we included the null model method as a random factor to control the effect of this variable in our analysis. Analyses were performed using the "nlme" package in R 3.3.0 (R Development Core Team, 2015).
Results
We found different phylogenetic patterns in the major biodiversity groups (Table 1, Fig. 2 ). For microorganisms, in both regions NRI was significantly positive and there was no difference in values between tropical and temperate sites (temperate region 2.143 ± 0.159, p < 0.0001, tropical region: 2.408 ± 0.423, p = 0.01), indicating a phylogenetic clustered pattern in both regions. We also detected a significant effect for the two-way interaction region × continent. The effect of region × continent interaction on the microorganism NRI indicated that continent influences the extent of the difference in NRI between temperate and tropical regions.
For plants, NRI was significantly negative in the tropics, while significantly positive in the temperate region. These values indicate a clustered and overdispersed phylogenetic pattern, respectively (Table 1, Fig. 2 ). In addition, we detected a significant effect for the two-way interaction in plants.
In metazoans, the intercept of the model did not differ from zero, indicating that there are no clear differences of phylogenetic patterns in metazoan communities between tropical and temperate regions. The region effect and region x continent interactions were also not significant. However, we detected a significant effect with continent for metazoans, and the Asia-Oceania continents were more significantly overdispersed (Asia-Oceania: −0.653 ± 0.73 p < 0.001, Table 1 ).
Discussion
Our results show that major groups of life on Earth have different patterns of clustering and phylogenetic overdispersion between tropical and temperate regions. Our finding was that the microorganisms were phylogenetically clustered in both regions, while for plants we found phylogenetic clustering in temperate regions and phylogenetic overdispersion in the tropics. We did not detect a clear pattern phylogenetic in tropical or temperate regions in metazoans. Although there is a tremendous taxonomic and functional diversity within these groups and classifying them into three broad groups (microorganisms, plants, and metazoans) has clearly oversimplified taxonomic diversity, the species within these groups may have common internal traits. For example, traits related to mobility and body size, which are important proxies for metabolism and speciation rates (Cushman et al., 1993; Isaac et al., 2005) , are likely central to the understanding of the observed patterns. Indeed, our results suggest that microorganisms, the group with the smallest body size, have communities that exhibit predominantly phylogenetic clustered pattern, whereas organisms sessile in adult stage (such as land plants) are phylogenetically clustered in temperate regions.
The phylogenetic clustering observed for microorganisms in both regions may be related to stronger action of abiotic filtering in this group. It is commonly recognized that environmental filtering processes are the main drivers of phylogenetic structure of microorganism assemblages (Stegen et al., 2012) , because such forces play a greater role in structuring their composition than dispersal limitation (BaasBecking, 1934; de Wit and Bouvier, 2006 ; but see Chytrý et al., 2012) . Moreover, a strong pattern of phylogenetic clustering for microorganism communities may be related to their faster rate of evolution in comparison to eukaryotes, which in turn may be related to the higher frequency of horizontal gene transfer and low recombination levels due to the absence of sexual reproduction in the majority of such evolutionary units (Levin and Bergstrom, 2000) . Additionally, the short life cycles and the larger population sizes of microorganisms favors a faster fixation of adaptive alleles (Levin and Bergstrom, 2000) , which may also result in higher rates of speciation and increased co-occurrence of recently diverged lineages.
As expected, we found a pattern of phylogenetic clustering in temperate regions and phylogenetic overdispersion in the tropics for plants. Based on a classical phylogenetic framework (Webb et al., 2002) , a potential explanation for this pattern is that climatic instability acts as a filter in the plant communities of temperate regions (but see Gerhold et al., 2015) . In addition to environmental filtering, other processes may also explain the phylogenetic clustering observed in temperate plants. For instance, angiosperms originated and initially diversified in tropical regions (Davies et al., 2004) , the lineages that colonized the temperate regions were those with ecological traits that allowed successful dispersal into drier and colder environments (Donoghue, 2008) . Subsequent diversification, associated with niche conservatism, would have then triggered a pattern of phylogenetic clustering for angiosperms in temperate regions (Donoghue, 2008) . Conversely, we found a phylogenetically overdispersed pattern in tropical regions. This would suggest that biotic interactions constitute the primary selective pressures for plants in the tropics, consequently increasing the phylogenetic overdispersion (but see Gerhold et al., 2015) . Furthermore, in tropical regions, beyond the higher productivity, a warm, relatively stable, and wet climate, allows the coexistence of more species of plants, and can generate phylogenetic overdispersion. Increased phylogenetic dispersion in the tropics may also result from lower extinction rate for the region (i.e., ancient clades still co-occur), supporting the idea of the tropics as lineage museums (Davies et al., 2004; Donoghue, 2008) .
Continents was the only factor that explained part of the variation in the patterns in extent of overdispersion for metazoans in the AsiaOceania region. This finding is somewhat surprising and provides insights for future research. For example, in the continental scale, these phylogenetic patterns may provide evidence of high intra-continental diversification or allopatric speciation (Kooyman et al., 2011; Lanier et al., 2013) . Additionally, phylogenetic overdispersion may be related to recent extinctions within older co-occurring clades (Kamilar and Guidi, 2010) . We acknowledge, however, that using a broad approach of metazoans as a model in this study may have masked the considerable variation between groups of metazoans in important biological traits and life histories, such as size, mobility and evolutionary rates, all of which can influence phylogenetic community signals. For a reliable understanding of phylogenetic community patterns in metazoans, we believe that the deconstruction of the communities seems to be more critical than for plants and microorganisms. For example, to understand large-scale phylogenetic patterns for metazoans, it might be more appropriate to use distinct levels of biological hierarchy or ecological groups (e.g. diet, body size, or geographic distribution; or evolutionary groups) because this refinement may reveal patterns potentially masked when pooling all species of large groups (Marquet et al., 2004; DinizFilho et al., 2012) . Furthermore, it is possible that observed patterns are partially a result of sampling artifacts related to different intensities in collecting efforts on different continents. We believe that this shortfall might be especially relevant for highly diverse and often under-studied metazoans groups, such as insects in tropical forests. Consequently, the availability of data for multiple taxa from different continents is still a limitation for global-scale analyses. In summary, our results indicate that the phylogenetic community patterns across latitudinal regions left different signatures within the largest biological groups on Earth. The different patterns may emerge by both ecological aspects (e.g. key traits characterizing each group) and evolutionary processes, which, together, could interactively mold current biodiversity phylogenetic patterns.
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